INTRODUCTION
Capsaicin is the active principle ingredient of the hot chilli pepper Capsicum, which contains about 0.1-1.0% of capsaicin (1) . Spicy foods may play some role in human carcinogenesis, and to date one single epidemiological study has demonstrated that there was a correlation between hot chilli pepper consumption and incidence of gastric cancer (2) ; however, other studies have failed to provide evidence for its genotoxic potential (3, 4) . Capsaicin extracts have been extensively investigated for their effects on genotoxicity and mutagenicity in vitro as well as in vivo, but the study results are conflicting (5) (6) (7) . In several studies, the tumor-initiating or -promoting potential of capsaicin was observed (8 -11) , whereas in other studies the chemoprotective effects of capsaicin were demonstrated (5, (12) (13) (14) . Moreover, it has been reported that capsaicin inhibits cellular growth of neuroblastoma and hepatocarcinoma cells through the induction of apoptosis (15) (16) (17) . However, the mechanism of capsaicin-induced apoptosis remains unclear, and the effects of capsaicin on human leukemic cells have never been studied.
The tumor suppressor protein p53 regulates the cellular response to DNA damage by mediating cell cycle arrest, DNA repair, and cell death (18, 19) . The mechanisms involved in p53-mediated cell death remain controversial, and regulation of p53 function is complicated. Phosphorylation at the Ser-15 residue of p53 is critical for p53-dependent transactivation. In addition, accumulation of p53 protein by inhibiting the interaction between p53 and MDM2 stimulates p53-dependent transactivation (20) . In response to stress signals, levels of p53 protein are rapidly increased, and its activity is enhanced after phosphorylation at the Ser-15 residue, resulting in the up-regulation of downstream genes, including the cyclin-dependent kinase inhibitor p21 WAF1/CIP1 and the proapoptotic gene Bax. In turn, increased levels of Bax induce mitochondrial depolarization, release of cytochrome c, and activation of a caspase cascade, leading to apoptosis (9, (21) (22) (23) (24) (25) . Ataxia telangiectasia mutated kinase has been shown to phosphorylate the Ser-15 residue of p53, leading to apoptotic signal transduction (26, 27) . Several studies have demonstrated that reactive oxygen species (ROS) generation phosphorylates and activates p53 in an ataxia telangiectasia mutated-dependent manner (28 -32) .
In the present study, we show that the homovanillic acid derivative capsaicin inhibits the proliferation of various leukemic cells. Capsaicin dramatically suppressed the growth of leukemic cells with wildtype p53, through the induction of G 0 -G 1 cell cycle arrest and apoptosis. We further investigated the molecular mechanisms of capsaicin-induced apoptosis in leukemic cells in vitro as well as its antitumor effects in vivo.
NAC, buthionine sulfoximine, catalase, and superoxide dismutase were purchased from Sigma.
Cell Cycle Analysis. Cells (1 ϫ 10 6 ) were suspended in hypotonic solution (0.1% Triton X-100, 1 mM Tris-HCl (pH 8.0), 3.4 mM sodium citrate, and 0.1 mM EDTA) and stained with 50 g/ml of propidium iodide. DNA content was analyzed by FACSCalibur (Becton Dickinson, San Jose, CA). The population of cells in each cell cycle phase was determined using Cell ModiFIT software (Becton Dickinson).
Assays for Apoptosis. Apoptotic cells were quantified by Annexin V-FITC and propidium iodide double staining using a staining kit from PharMingen (San Diego, CA). The mitochondrial transmembrane potential (⌬m) was determined by flow cytometry. Briefly, cells were washed twice with PBS and incubated with 1 g/ml Rhodamine 123 (Sigma) at 37°C for 30 min. Rhodamine 123 intensity was determined by flow cytometry.
Caspase Assays. Caspase-3-related protease activity was determined by using a commercially available kit (PharMingen) according to the manufacturer's instructions. Briefly, cells were fixed and permeabilized using the Cytofix/Cytoperm for 20 min at 4°C, pelleted, and washed with Perm/Wash buffer (PharMingen). Cells were then stained with polyclonal antibody against the active form of caspase-3 (PharMingen) for 20 min at room temperature, washed in Perm/Wash buffer, stained with goat antirabbit-FITC (Super Techs, Bethesda, MD), and analyzed by flow cytometry. In the caspase inhibitor assay, cells were pretreated with a synthetic pan-caspase inhibitor (20 M; N-tert-butoxy-carbonyl-Val-Ala-Asp-fluoromethylketone) for an hour before addition of capsaicin.
Measurement of ROS Production. To assess the generation of ROS, we incubated control and capsaicin-treated cells with 5 M dihydroethidium (Molecular Probes, Eugene, OR), which is rapidly oxidized to the fluorescent intercalator ethidium by cellular oxidants. Cells (1 ϫ 10 5 ) were stained with 5 M dihydroethidium for 15 min at 37°C and were then washed and resuspended in PBS. The oxidative conversion of dihydroethidium to ethidium was analyzed by flow cytometry.
Cell Lysate Preparation and Immunoblotting. Cells were collected by centrifugation at 700 ϫ g for 10 min, and then the pellets were resuspended in a lysis buffer [1% NP40, 1 mM phenyomethylsulfonyl fluoride, 40 mM Tris-HCl (pH 8.0), and 150 mM NaCl] at 4°C for 15 min. Mitochondrial and cytosolic fractions were prepared with digitonin-nagarse treatment. Protein concentrations were determined using a detergent-compatible protein assay system (Bio-Rad, Richmond, CA). Cell lysates (15 g of protein/lane) were fractionated in 12.5% or 7.5% SDS-polyacrylamide gels before being transferred to the membrane (Immobilon-P membrane; Millipore, Bedford, MA) according to standard protocol. Antibody binding was detected by using the enhanced chemiluminescence kit with hyper-enhanced chemiluminescence film (Amersham, Buckinghamshire, United Kingdom). ␤-Actin was used as an indicator for equality of lane loading. Blots were also stained with Coomassie Brilliant Blue to confirm that equal amounts of protein extracts were present in each lane. The following antibodies were used in this study: anti-Rb, -cytochrome c (PharMingen), -MDM2 (Oncogene, Boston, MA), -p53, -phospho Rb (Ser-780; Cell Signaling, Beverly, MA), -cyclin D1, -Bax, -p21 WAF1/CIP1 , and -␤-actin (Santa Cruz Biotechnology, Santa Cruz, CA). We used p53-phosphorylated kit (Cell Signaling) to detect phosphorylated p53. For detection of wild-type p53 protein expression, cell lysates were precipitated with anti-p53 wild-type monoclonal antibody (PAb1620; Oncogene) and then blotted with anti-p53 polyclonal antibody (Cell Signaling). Expression of wild-type p53 was also determined by flow cytometry.
Reverse Transcription-PCR, PCR, Gel Electrophoresis, and Sequencing. Total cellular RNAs were isolated from the cells by using RNA easy kit (Qiagen K.K., Tokyo, Japan). Random primed, first strand cDNAs were synthesized from 1 g of total RNAs using Superscript II reverse transcriptase (Life Technologies, Inc. Gaithersburg, MD) according to the manufacturer's instructions. PCR was carried out for 30 s at 94°C, 30 s at 55°C, and 20 s at 72°C for 40 cycles. Primer sequences for p53 were sense (nucleotide 225-244) 5Ј-TGCACCAGCGACTCCTACAC-3Ј and antisense (nucleotide 892-873) 5Ј-CTGGGTGAGGCTCCCCTTTC-3Ј. The PCR products were analyzed on 1% agarose gel. To normalize the amount of RNA, we used amplification of the human ␤-actin gene as a control. Exons 4-11 of the "hot spots" region of p53 were amplified by PCR using the following primers: 5Ј-GCCAAGTCTGT-GACCTGCACG-3Ј (exon 4) and 5Ј-TCAGTCTGAGTCAGGCCCTTC-3Ј (exon 11). The amplified product was cloned into a pCR2.1 TOPO vector (Invitrogen, Carlsbad, CA) and sequenced with both M13 forward primer and M13 reverse primer included in the TOPO TA cloning kit (Invitrogen) according to the manufacturer's recommendation. DNA sequencing was performed on an ABI PRISM 310 genetic analyzer (Perkin-Elmer Applied Biosystems, Foster City, CA). All of the oligonucleotides were obtained from Sawaday Technology (Tokyo, Japan).
Antisense Oligonucleotides for p53. The p53-antisense oligodeoxynucleotide targeted the following region of the initiation codon: 5Ј-CGGCTCCTC-CATGGCAGT-3Ј. Its scrambled oligodeoxynucleotide (5Ј-ACTGCCATG-GAGGAGCCG-3Ј) and the mismatch sequence (5Ј-CGGGTCCTCTACG-CTAGT-3Ј) were designed as a negative control. These oligodeoxynucleotides were modified by phosphorothioate to enhance their stability, and they had no similarity to other mammalian genes as shown by Basic Local Alignment Search Tool search analysis. After 24 h of preincubation with these oligonucleotides, NB4 cells were treated with capsaicin and 1 M each oligonucleotide for 24 h.
Animal Model and Experimental Design. We have established a system of human all-trans retinoic acid-sensitive acute promyelocytic leukemia model in NOD/SCID mice by using NB4 cells (36) . Briefly, NOD/SCID mice (The Jackson Laboratory, Bar Harbor, ME) were pretreated with 3 Gy of total body irradiation, which is a sublethal dose that was expected to enhance the acceptance of xenografts. Subsequently, the mice were inoculated s.c. with NB4 cells (1 ϫ 10 7 cells) in their logarithmic growth phase, and the inoculated NB4 cells rapidly formed s.c. tumors at the injection site. Fourteen days after implantation of the cells, mice with the transplanted cells were randomly assigned to be injected with 5% ethanol (n ϭ 15; 50 l) or capsaicin (50 mg/kg) in 5% ethanol (n ϭ 15; 50 l) as an emulsion fluid administered daily. After 6 days of the treatment, mice were sacrificed and dissected to measure tumor weights. The study was approved by the Animal Care and Use Committee at the Keio University School of Medicine, Tokyo, Japan. When the mice showed severe wasting or when observations were finished, mice were sacrificed according to the UKCCCR guidelines (37) . Tumors were fixed in 4% paraformaldehyde, embedded in paraffin, sectioned, and then stained with anti-single-strand DNA (Dako Japan Co., Ltd, Kyoto, Japan) for detection of apoptotic cells (38) .
Statistical Analysis. Tumor weights and numbers of mitotic cells are expressed as the mean Ϯ SD. Differences of both parameters were analyzed for significance by Student's t test. P Ͻ 0.05 was considered to indicate statistical significance.
RESULTS

Effects of Capsaicin on Cellular Proliferation of Various Leukemic Cells.
We first investigated the effects of capsaicin on cellular proliferation of seven leukemic cell lines that included NB4, UF-1, Kasumi-1, HL-60, K562, KU812, and U937 cells. Capsaicin inhibited cellular growth of all leukemic cells, but not normal bone marrow mononuclear cells, in a dose-and time-dependent manner ( Fig. 1, A and B). Interestingly, capsaicin was particularly sensitive to NB4 and Kasumi-1 leukemic cells (Fig. 1, A and B) , both of which expressed PAb1620-reactive wild-type p53 (Fig. 2, A and B) . In addition, sequencing analysis of p53 (exons 4-11) was performed on both cell lines that have wild-type p53 (data not shown). But the other leukemic cell lines had defective p53 (Fig. 2, A and B) . As previous investigations have reported, these cell lines contain mutated p53 alleles (39 -42) . Because capsaicin dramatically decreased cellular growth of NB4 and Kasumi-1 cells with the lowest IC 50 , we used NB4 cells for our subsequent investigations. Cultivation with capsaicin increased the population of cells in the G 0 -G 1 phase with a reduction of cells in the S-phase, which was followed by a marked increase of a sub-G 1 population at 24 h (Fig. 1C) . Annexin V-positive apoptotic fractions were detected beginning 4 h after exposure to capsaicin, and these fractions dramatically increased in a time-dependent manner (Fig.  1D) . Annexin V and propidium iodide double-positive cells were increased at 24 h after treatment, indicating that capsaicin induced necrosis in addition to apoptosis in this fraction (Fig. 1D) . These results showed that capsaicin-induced in vitro growth inhibition of leukemic cells was mediated by causing G 0 -G 1 cell cycle arrest and apoptosis.
Capsaicin-Induced Death Signaling Is Mediated through the Mitochondrial Pathway. Treatment with capsaicin for 3 h significantly induced caspase-3 activity in NB4 cells (Fig. 3A) . Capsaicin-induced apoptosis was completely blocked by the treatment with N-tert-butoxy-carbonyl-Val-Ala-Asp-fluoromethylketone (pan caspase inhibitor; Fig. 3B ). After treatment with capsaicin for 3 h, low Rh123 staining in NB4 cells indicated an increase in the loss of mitochondrial ⌬m (Fig. 3C ). Capsaicin induced a substantial release of cytochrome c from the mitochondria into the cytosol within 3 h. In addition, capsaicin induced a translocation of Bax from cytosol to mitochondria (Fig. 3D) . These results indicate that capsaicin-induced apoptosis in early phase NB4 cells is mediated through the mitochondrial-dependent pathway.
ROS Generation Triggers Capsaicin-Induced Apoptosis. Previous investigation has reported that capsaicin induces inhibition of growth and the NADH oxidase activity in HeLa cells (43) . Other examination has shown that capsaicin-induced apoptosis in tumor cells is associated with the generation of ROS (44) . Therefore, we analyzed the production of intracellular ROS in NB4 cells. Treatment with capsaicin in NB4 cells showed within 0.5 h a dramatic increase in intracellular ROS compared with control cells (Fig. 4A) . Treatment with a thiol antioxidant, NAC, completely blocked the generation of ROS and attenuated capsaicin-induced apoptosis in NB4 cells (Fig.  4B ). The addition of 1 mM buthionine sulfoximine, a specific inhibitor of ␥-glutamylcysteine synthetase, induced glutathione (GSH) depletion and synergistically enhanced capsaicin-induced apoptosis (data not shown). Superoxide is a major component of ROS in the mitochondria and is converted rapidly to H 2 O 2 by superoxide dismutase. Most H 2 O 2 is degraded further to H 2 O by the enzymes catalase and glutathione peroxidase. We thus examined the effect of more specific antioxidants on capsaicin-induced cell death. Interestingly, apoptosis induced by capsaicin could be blocked completely by pretreatment with catalase in both NB4 (Fig. 4C ) and Kasumi-1 (Fig. 4D ) cells. However, superoxide dismutase partially inhibited capsaicin-induced cell death (Fig. 4, C and D) .
Expression of Cell Cycle-and Apoptosis-Associated Proteins in NB4 Cells. To characterize the molecular mechanism of capsaicininduced cell cycle arrest followed by apoptosis in NB4 cells, we examined the expression of cell cycle-and apoptosis-associated proteins during the treatment with capsaicin. Expression of p21
proteins was dramatically increased with reduction of cyclin D1 protein expression, dephosphorylation of Rb, and up-regulation of p53 and Bax at 3 h after treatment (Fig. 5) . Interestingly, the Ser-15 residue of p53 became significantly phosphorylated after an hour of exposure to capsaicin (Fig. 5) . In contrast, the phosphorylation levels of p53 at other residues did not change in response to treatment with capsaicin (data not shown).
Phosphorylation of p53 at the Ser-15 Residue in NB4 Cells Treated with Capsaicin. p53 protein was accumulated during the treatment with capsaicin in NB4 cells expressing wild-type p53 (Fig.  5) . In addition, Western blot analysis using the antibody specific to the phosphorylated Ser-15 of p53 revealed that the Ser-15 residue of p53 became phosphorylated immediately after the treatment with capsaicin (Figs. 5 and 6A) . Interestingly, the inhibition of ROS generation by pretreatment of NAC inhibited capsaicin-induced phosphorylation of p53 at the Ser-15 residue (Fig. 6A) . In addition, pretreatment of cells with catalase caused complete inhibition of capsaicin-induced p53 activation (Fig. 6A ). These results suggest that H 2 O 2 generation plays an essential role in p53 stabilization by phosphorylation at the Ser-15 residue (31, 32) .
To examine whether inhibition of p53 expression can block capsaicin-induced cell cycle arrest and apoptosis in NB4 cells, we used antisense (AS) oligonucleotide for p53. Pretreatment with 1 M p53 AS oligonucleotides prevented the capsaicin-induced increase in p53 protein levels in NB4 cells (Fig. 6B) . In contrast, pretreatment with 1 M scrambled and mismatch oligonucleotides did not significantly alter the expression of p53, and AS oligonucleotide did not modulate the expression of MDM2 and Bcl-2 proteins, indicating the specificity of the p53 AS oligonucleotide used in this study (Fig. 6B) . Pretreatment with 1 M p53 AS, but not scrambled or mismatched, oligonucleotides for 24 h significantly abrogated capsaicin-induced cell cycle arrest as well as apoptosis (Fig. 6C) , suggesting that apoptotic cell death in capsaicin-treated NB4 cells is because of the ability of capsaicin to stimulate the accumulation of p53.
Effects of Capsaicin on Primary Cells from Patients with Leukemia. Among the leukemia cell lines, NB4 and Kasumi-1 cells expressing wild-type p53 were the most sensitive to capsaicin, whereas p53-defective cells including HL-60 and UF-1 cells were less sensitive to this agent. We therefore analyzed the association between the sensitivity to capsaicin and the status of p53 in freshly isolated cells from eight patients and found that the expression of wild-type p53 mRNA contributed to the sensitivity to capsaicin-induced apoptosis in the leukemic cells (Table 1) . We also analyzed the levels of intracellular ROS generation during the treatment with capsaicin in capsaicin-sensitive and capsaicin-less sensitive cells and found that treatment with capsaicin caused a significant ROS generation with decreased intracellular GSH in capsaicin-sensitive cells (NB4 and leukemic cells from patient 1; Fig, 7, A and B) . In contrast, in capsaicin-less sensitive cells (HL-60, UF-1, and leukemic cells from patient 6), intracellular ROS generation and GSH levels were less modulated by capsaicin (Fig. 7, A and B) .
Capsaicin Induced Apoptosis in Vivo. Our in vitro data prompted us to examine whether the effects of capsaicin are equally demonstrable in vivo. Tumor weight significantly decreased in the mice that received an injection of capsaicin (P Ͻ 0.001, mean weight: 2.16 Ϯ 0.53 g in the capsaicin-treated 
DISCUSSION
To date, several studies have revealed the ability of capsaicin to inhibit events associated with the initiation, promotion, and progression of cancer (5, (12) (13) (14) . In contrast, other studies have suggested the tumor-initiating potential of capsaicin (8, 9) , and several epidemiological studies have shown that chilli pepper consumers were at greater risk for gastric cancer than were nonconsumers (2) . In this study, we have showed that capsaicin inhibits cellular growth of leukemic cells via inducing apoptosis-modulating ROS production. Interestingly, capsaicin dramatically induced apoptosis of myeloid leukemic cells expressing wild-type p53.
In our study, capsaicin-sensitive cells expressed wild-type p53 among the leukemic cell lines (NB4 and Kasumi-1 cells) and fresh samples. There was a report that NB4 promyelocytic leukemia cells have point mutations at codon 273 and 248 of the p53 gene (45), but we could not detect any mutations of the p53 gene in NB4 
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on June 9, 2017. © 2004 American Association for Cancer cancerres.aacrjournals.org Downloaded from cells used in this investigation by sequencing analysis. In addition, we confirmed that our NB4 and Kasumi-1 cells expressed wildtype p53 protein using monoclonal antibody that recognizes conformational epitope of wild-type p53; therefore, we conclude that our NB4 and Kasumi-1 cells have wild-type p53. In contrast, we did not observe phosphorylation and accumulation of p53 during the treatment with capsaicin in less sensitive cells, which did not express wild-type p53. These cell lines have been reported to have mutated p53 gene as follows: HL-60 (major deletions), K562 (an early translational stop codon at 148), KU812 (a point mutation in codon 132 resulting in replacement of lysine with arginine), and U937 (46 base pairs deletion from codon 132) cells (39 -42) . Bax and p21 WAF1/CIP1 are well-known target genes of p53, and we demonstrated that capsaicin induced higher levels of these proteins in capsaicin-sensitive NB4 cells.
We showed that capsaicin induces phosphorylation of p53 at the Ser-15 residue after an hour of exposure, resulting in stabilization and protein accumulation. In addition, abrogation of p53 expression by the AS oligonucleotides could significantly inhibit induction of G 0 -G 1 phase cell cycle arrest and apoptosis after treatment with capsaicin. However, normal bone marrow cells expressed wild-type p53, but capsaicin did not inhibit growth of the normal cells. Therefore, expression of wild-type p53 may be necessary but not sufficient for inducing apoptosis by capsaicin. Previous studies have reported that p53 gene mutations are infrequent and are found in only 5-10% of fresh acute myelogenous leukemia patients (46 -48) . In contrast, alterations of p53 gene are more frequent in myeloid leukemia cell lines, which might have the advantage in establishment of cell lines (42) . Moreover, it has been reported that p53 mutations are associated with significantly poorer response to intensive chemotherapy and induce drug resistance by interfering with the normal apoptotic pathway in patients with acute myelogenous leukemia (49) . Consistent with these reports, we showed that leukemic cells from seven of eight acute myelogenous leukemia patients express wild-type p53, and these cells are sensitive to capsaicin. Taken together, these results suggest that induction of p53 plays an essential role in G 0 -G 1 cell cycle arrest and apoptosis in capsaicin-treated leukemic cells but not in normal cells.
Recent studies have demonstrated that mitochondria play an essential role in death signal transduction (50, 51) . Bax in mitochondria is known to play an important role in the loss of ⌬m (50, 51) , and distribution of ⌬m constitutes a critical step in a p53-dependent apoptotic pathway. In response to a capsaicin signal, Bax is induced and transported from the cytosol to mitochondria (data not shown), corresponding to a decline in ⌬m followed by cytochrome c release and caspase activation. These results suggest that capsaicin-induced death signaling is mediated through the mitochondrial-dependent pathway.
Several studies have demonstrated that ROS generation phosphorylates p53 at the Ser-15 residue in an ataxia telangiectasia mutated-dependent manner (31, 32) . Consistent with previous studies (52-54), we detected that capsaicin-induced apoptosis in NB4 cells and in fresh leukemic cells from patients expressing wild-type p53 was associated with a significant increase in the levels of intracellular ROS, after GSH depletion. Capsaicin-less sensitive cells have defective p53; however, capsaicin could generate intracellular ROS in these cells. Interestingly, pretreatment with NAC, an excellent supplier of GSH, inhibited phosphorylation of p53 at the Ser-15 residue in the presence of capsaicin, indicating that ROS acts upstream of p53 phosphorylation by capsaicin. Moreover, reduction of H 2 O 2 by catalase inhibited phosphorylation of p53 at the Ser-15 residue and apoptosis. In contrast, capsaicin-less sensitive cells were p53 defective, and capsaicin induced lower levels of ROS generation with less modulation of GSH. In addition, we failed to observe phosphorylation or induction of p53 during the treatment with capsaicin in these cells. We demonstrated that NAC also prevented capsaicin-less sensitive cells from apoptosis induced by a high dose of capsaicin (data not shown). Recent studies have reported that ROS is not only an upstream activator of the p53 pathway, but it is also a critical component of the downstream mediator of p53-dependent apoptosis, because overexpression of wild-type p53 produces ROS in association with apoptosis (55) . The generation of ROS has been suggested to be a representative pathway of mitochondrial disruption in a p53-independent manner (56) . It is likely that overgeneration of ROS plays some role in capsaicin-induced mitochondrial depolarization and apoptosis in p53-defective cells (57). Our data indicate that H 2 O 2 can be a specific ROS species that plays mainly an essential role in capsaicin-induced p53 activation. Taken together, these data strongly indicate the existence of the following two downstream pathways that reduce ⌬m originating from H 2 O 2 production by capsaicin: (a) one rapidly and with high sensitivity phosphorylatin p53 at the Ser-15 residue, leading to transportation of Bax to mitochondria, loss of ⌬m, and early phase apoptosis in capsaicin-sensitive leukemic cells and (b) a second inducing a direct disruption of ⌬m by H 2 O 2 generation independent of p53 in p53-defective cells but with less sensitivity to capsaicin. Additional studies are needed to clarify the exact mechanism of capsaicin-induced apoptosis in leukemic cells.
The therapeutic approach to acute leukemia is usually chemotherapy, but severe side effects and complications such as serious infection and bleeding because of anticancer drugs are major problems in the clinical setting. In particular, the side effects of drugs might be fatal in older patients or in immunocompromised patients, which highlights the urgent need for novel effective and less toxic therapeutic approaches. A component of the hot pepper Capsicum, capsaicin, is a natural compound and widely consumed as a food additive throughout the world, which indicates that it is less toxic to humans than current chemotherapeutic drugs. Because we could not observe any organ damage during in vivo experiments using a NOD/SCID mice leukemia model and because capsaicin did not affect cellular proliferation of normal bone marrow cells from healthy volunteers, we conclude that capsaicin might be developed as a new potent anticancer agent for the management of hematological malignancies. In summary, we propose a model of cell cycle arrest and apoptosis induced by capsaicin through an oxidative stress in leukemic cells. Our data strongly indicate that capsaicin is particularly sensitive to leukemic cells expressing wild-type p53, which phosphorylated at Ser-15 residue by producing ROS during the treatment of capsaicin. Therefore, homovanillic acid derivative, capsaicin, has potential as a novel molecular targeted therapeutic agent against serine residue of the p53 gene for the treatment of leukemia, particularly in elderly and immunocompromised patients. 7 cells) were inoculated s.c. into NOD/SCID mice. Fourteen days after transplantation, 5% ethanol (control; n ϭ 15) or capsaicin (15 mg/kg; n ϭ 15) was given daily for 6 days, after which mice were sacrificed and tumor weights were measured. B, the tumor sections were fixed and stained with anti-single-strand (ss)DNA antibody. We counted the apoptotic cells in the corresponding fields of control and capsaicin-treated tumor sections (10 sections/mouse, n ϭ 15). Arrows indicate single-strand DNA (ssDNA)-positive cells. Original magnification, ϫ400. HPF, high power field.
